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We have determined the chromosomal location of the genes 
for the human keratin intermediate fil ament proteins K1 
(type II; 67 kDa) and KI0 (type I; 57 kDa) by the use of 
specific eDNA clones in conjunction with somatic cell hy-
brid analysis and in situ hybridization. The Kl keratin gene 
maps to chromosome region 12qll -+ q13; the KlO keratin 
gene maps to chromosome region 17q12 -+ q21. Each gene 
has been mapped relative to other genes known to be local-
ized on chromosomes 12 and 17, respectively. In somatic cell 
hybrid analysis, the Kl gene segregates concordantly with 
the Hox-3 homeo box gene cluster at chromosome region 
12p1 2 -> q13. The KI0 gene localizes to a region proximal 
K eratin intermediate filaments (IF) are water-insoluble cytoskeletal proteins characteristic of epithelia [1 - 4]. Keratins consist of a large family of 30 or more dis-tinct proteins. Differences exist in the size and chemi-cal character of each protein chain which forms the 
basis of classification (5). Type J keratins are acidic and range in 
molecular weight from 44 to 60 kDa; type II keratins are neutral or 
basic and range in molecular weight from 50 to 70 kDa. The basic 
structural unit of keratin IF is a heterodimer req·uiring at least one 
type J and one type II chain for IF assembly [4,6 -8]. Specific pairs of 
type I-type II keratin chains are coexpressed during epithelial differ-
entiation and pathologic states [4,5,9,10]. During the various stages 
of epidermal differentiation, specific pairs of keratin chains are ex-
pressed; for example, terminally differentiating epidermal cells ex-
press the keratin chains K1 (type II, 67 kDa) and K10 (type I, 57 
kDa). Stage-specific coexpression of specific pairs of keratin chain 
genes implies the existence of highly coordinated mechanisms of 
transcriptional control in the regulation of expression of specific 
keratin genes during development and differentiation. Localization 
of keratin genes in the human genome and their degree of linkage 
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Abbreviations: 
bp: base pairs 
G-CSF: granulocyte-colony stimulating factor 
IF: intermediate filaments 
kb: ki lobase pairs 
kDa: kilo Daltons 
NGFR: nerve growth factor receptor 
PKC: protein kinase C 
to a breakpoint at l?q21 which is ~nvolved in a t(17;21) 
(q21 ;q22) translocatlOn assoclated wlth an acute leukemia. 
K10 appears to be distal (telomeric) to the gene loci for 
G-CSF, erb-A, and Her-2, which map to chromosome region 
17q12 -> q21. The NGFR gene and Hox-2homeo box locus 
are localized distal to the 17 q21 break point and thus distal to 
the KI0 gene. 
These data demonstrate that keratin genes Kl and K10, 
which are coexpressed in terminally differentiated epidermis, 
are not linked in the human genome, implying the existence 
of trans-acting factors involved in the regulation of expres_ 
sion of these genes. ] Invest Dermatol 91 :572 -578, 1988 
can provide valuable insights into the genetic organization of 
human keratin genes and their regulatory mechanisms. 
We have used cloned keratin cDNA probes in somatic cell hybrid 
analysis and chromosomal in situ hybridization to localize keratin 
genes on human chromosomes. These gene mapping techniques 
[11] provide a powerful tool for establishing linkage between genes. 
cDNA clones specific for keratin genes Kl and K10 [12-15] were 
used to detect the presence of homologous sequences in a panel of 
rodent-human hybrid cells retaining defined complements of 
human chromosomes. The presence of keratin genes in hybrids was 
correlated with the presence of a specific human chromosome re-
gion. In situ hybridization of the same keratin cDNA probes to 
human metaphase chromosomes confirmed chromosomallocaliza-
tion and refined the regional localization on specific human chro-
mosomes. 
MATERIALS AND METHODS 
eDNA Clones The isolation and DNA sequencing of the cDNA 
clone [12] and gene [13] of human K1 (type II; 67 kDa) have been 
described previously [12,13]. The K1 cDNA clone of 1.92 kb span-
ning 3' coding and non-coding sequences, cloned into a pBR322 
plasmid vector, was used as a K1 specific probe. Human K10 (type I; 
57 kDa) keratin clones wexe isolated from a neonatal foreskin 
cDNA library [12] using a 3' non-coding region probe constructed 
from a mouse K10 clone [14,15]. The cDNA clone of 1.90 kb 
spanning the 3' coding and non-coding region, cloned into a 
pBR322 plasmid vector, was used as a K10 specific probe. All probes 
for SOllthern blots were labeled by nick-translation [16) by using 
one or several [a_32P] deoxynucleotide triphosphates. 
Cells Isolation, propagation, and characterization of parental cells 
and somatic cell hybrids used in this study have been described 
[17 - 21]. All hybrids were characterized for expression of enzyme 
markers assigned to each of the human chromosomes [21] . Some 
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Figure 1. Presence of human keratin genes K1 and K10 in a panel of 16 
rodent-human hybrids .• indicates that the hybrid named in the lift COllllllll 
contains the chromosome indicated in the IIpper row. CiiiI indicates presence of 
the long arm (or in some cases a part of the long arm, indicated by a smaller 
fraction of stippling) of the chromosome shown above the co /llmll . ~ indi-
cates presence of the short arm of the chromosome listed above the COIIlIllI I. 0 
indicates absence of the chromosome listed above the COlllllll'. The colli III 115 
for chromosomes 12 and 17 arc boldly olltlilled and stippled to emphasize 
correlation of these chromosomes (or region of these chromosomes) with 
presence of the K 1 and K 10 sequences. The pattern of retention of the K 1 
and Kl0 hybrids in the panel is shown in the two COIIlIllIIS to the right of the 
figure, where presence of the sequences in the hybrid is indicated by a stippled 
box with a pillS Sigll and absence of the gene is indicated by an opell box 
enclosing a lIIillllS sigll. 
hybrid clones were karyotyped by trypsin/Giemsa and/or G-ll 
banding methods as described elsewhere [21] . In addition, the pres-
ence of specific human chromosomes in many of the mouse-human 
hybrids have been confirmed by DNA hybridization using probes 
for genes assigned to specific human chromosomes [17 - 21]. 
Chromosomes or partial chromosomes present in most of the 
hybrid cell lines used in this study are diagrammatically depicted in 
Fig 1. Partial chromosomal regions present in hybrids were defined 
by chromosomal banding methods and/or by determining the pres-
ence or absence of specific gene sequences in hybrid DNA that have 
been previously localized to specific chromosome regions. 
For regional localization of the KI0 gene on chromosome 17, a 
hybrid retaining a translocated chromosome was used. Hybrid 275S 
retains only a human 21q+ (21pter---+ 21q22: :17q21---+ 17qter) 
chromosome derived from a reciprocal chromosome translocation , 
t(17;21)(q21;q22) [20]. The breakpoint at 17q21 is cytogenetically 
indistinguishable [22] and thus far molecularly indistinguishable 
[17,18] from the 17 breakpoint observed in the t(15;17)(q22;q21) 
translocation associated with acute pro myelocytic leukemia [23,24]. 
Southern Blot Analysis DNAs from human cell lines, mouse 
cell lines, and mouse-human hybrid cell lines were extracted by cell 
lysis, proteinase K digestion, phenol extraction, and ethanol precip-
itation. Cellular DNAs were digested with an excess of appropriate 
restriction enzymes, sized in 0 .6% agarose gels and transferred to 
nitrocellulose filters as described by Southern [25]. Hybridization 
was carried out in 50% (vol/vol) formamide, 4X SSC (IX SSC is 
0.15 M NaCI/0.015 M sodium citrate, pH 7.0), 0.2 mg of sonicated 
salmon sperm DNA per ml, IX Denhardt's solution (0.02% bovine 
serum albumin/0.02% Ficoll /0.02% polyvinylpyrrolidone] at 
37°C for 15 h. After hybridization, fi lters were washed for 30 min 
in pre-hybridization so lution (as above) at 37°C followed serially by 
washes ofO.l M KH2P04 in 2X SSC for 30 min at 65°C and O.IX 
SSC for 30 min at 65 ° C. After dtying filters were exposed to Kodak 
XAR-5 film with intensifying screens. 
Chromosomal In Situ Hybridization Metaphase spreads were 
prepared from normal human male lymphocyte cultures stimulated 
with phytohemagglutinin for 72 h. Kl and KI0 probes were 
cleaved from their vectors, yielding vector-free inserts of 1.0 kb and 
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1. 90 kb, respectively. Each insert was radiolabeled with tritium [3H] 
to a specific activity of 1.6 X 107 CPl11/flg DNA. In situ hybridiza-
tion was performed using a modification of the standard protocol 
[26,27]. Slides were treated with ribonuclease A (Sigma) for 1 h at 
37"C. Chromosomal DNA was denatured at 70°C for 2 min in a 
mixture of70% formamide and 2X SSC (pH 7.0). Probe DNA was 
denatured in a hybridization mixture of 50% formamide, 2X SSC, 
and 10% dextran sulfate (pH 7.0). The final concentration of probe 
DNA placed on each slide was 0.125 flg DNA/ml. Hybridization 
was carried out at 37°C for 18 h. Slides were subsequently rinsed at 
39 °C, dehydrated in an alcohol series, and air dried. Slides were 
then dipped in nuclear track emulsion (Kodak NTB-2), fan dried, 
and stored in light-tight boxes at 4 ° C. At different time intervals, 
slides were developed and fixed at 15°C, air dried, then stained 
according to a modified Wright's-Giel11sa staining protocol [27]. 
Each slide was dipped for 10- 16 s in a pH 9.2 borate buffer (50 mM 
Na2S04 , 2.5 mM Na2B40 7) at 35 °C and stained for 4-5 min in a 
staining dish containing 2 parts pH 9.2 borate buffer and 1 part 
Wright's-Giel11sa stain (J .T. Baker and Co.). Grains situated on 
non-overlapping chromosome regions were counted and scored. 
RESULTS 
Localization of the K1 Keratin Gene to Human Chromo-
some Region 12p12->q13 by Somatic Cell Hybrid Analysis 
Hybridization of the Kl specific keratin probe with EcoRI digested 
human control DNA resulted in a 12.3 kb band on Southern blots 
(Fig 2A, fall e 1). Human genom.ic sequences homologous to the Kl 
probe thus lie on a p.3 kb EcoRI fragment, and its presence on 
Southern blot analysis corres,.ponds to the presence of the Kl keratin 
gene, as shown previously l1 3]. Homologous sequences to Kl in 
mouse appear to lie on two major Eco RI bands of 14.5 and 3.5 kb 
(Fig 2A, fall e 2). The presence of additional faint bands on Southern 
blot analysis probably represents some cross-hybridization with re-
lated sequences which can be seen with specific probes of multigene 
families, even under stringent conditions. Four of 16 mouse-human 
hybrids probed were positive for a 12.3 kb EcoRI fragment, and all 
four positive hybrids contained chromosome 12 (see Fig 1 and leg-
end to Fig 2 for chromosomes retained in hybrids). The 12 negative 
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Figure 2. A: The Kl gene segregates with human chromosome 12 in 
somatic ce ll hybrids. DNA (approx. IOllg/ lane) from human cell line (Ialle 
1); mouse ce ll line (Ialle 2); hybrid G5 retaining human chromosomes 4p, 6, 
12,20 and X (lalle 3); hybrid 8e retaining 4, 6q, 8q, 9, 12, 17,21 and 22 (Ialle 
4); hybrid 3a retaining 4q, partial 6, 12, partial 13, 17 and 22 (Ialle 5); hybrid 
S2 retaining 1,3, 4p, 5, 6, II, partial 13, 14, 18,20 and X (Ialle 6); hybrid S7 
retaining 3, 5, 6, 11 , 14, 17 and X (Ialle 7); and hybrid 77-31 retaining 1, 3, 
4p, 5 - 9, partial 10, 13, 14, 17, 18, 20, 22 and X (Ialle 8) was cleaved with an 
excess of restriction enzyme Eco RI, fractionated on an agarose gel, trans-
ferred to nitrocellulose filter and hybridized to 32P-labeled KI DNA. Ap-
proximate molecular weights of the major mouse and human bands detected 
by the Kl probe are shown on the left. B: Regional localization of the Kl 
gene to human chromosome region 12p12 -+ q13 in somatic cell hybrids. 
DNA (approx. 10 Ilg/ lane) from human cell line (la/Ie 1); mouse cell line 
(Ialle 2); hybrid cl21 retaining human chromosome 7 (Ialle 3); hybrid 442S5 
retaining 4p, 6p, 8q24 -+ 8qter, 12p12 -+ q13 and 14pter -+ q32 (Ialle 4); 
and hybrid GL3 retaining 4, 6, 7, 12p12 -+ 12qter, 14, 15, 17 -20 (Ialle 5) 
was cleaved with 3n excess of restriction enzyme Eco RI as in A. Molecular 
weight of the human band detected by the Kl probe is shown on the right. 
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Table L Regional Localization of Kl on Chromosome 12" 
Chromosome 12-linked DNA Probes 
Hybrid 
G5 
442S5 
GL3 
c121 
T4 
(12p12 ~ 12pter) 
+ 
K-ras-2 Kl 
(1 2p I2) (12p12 ~ 12g13) 
+ + 
+ + 
+ 
Hox-3 HPV int. site 
(12g12 ~ 12g13) (12g13) Chromosome 12 Region Retained 
+ + 12pter -> 12gter 
+ 12p12 -> 12g13 
+ + 12p12 - 12qter 
None 
• Hybrids (far left col"mll) retaining well -defined re gions of chromosome 12 (far rig/'t col"mll) arc utilized to determine the regional loca lization ofK 1. Hybrid G5 is described in 
Figs 1 and 2A, and hybrids 44255, GU, and ci21 arc described in the legend to Fig 28. Localization of chromosome 12-linked genes (top row) have previously been described 
[1 7,19,28]. Each hybrid in the table was tested for the presence of each of the chromosome 12-linked genes: plus signs represent presence of homologous sequences; minus sig ns 
represent absce nce of homologous sequences . The probe for the HPV into site is a flan ki ng region probe for a human papilloma virus integration site from a cervical ca rcinoma ceHline 
and has been mapped to 12q13 (Ref28, and N . Popescu and]. DiPaolo, personal communication); it appears to be dist.1 to the Kllocus and th e Hox-3 10ciat 12q 12 - 12q13 because 
it is not present in hybrid 44255. 
hybrids did not contain any portions of chromosome 12. The results 
of Southern blot analysis of segregation ofKl-specific sequences in 
the hybrid panel are summarized in Fig 1. The Kl keratin gene 
locus was further localized to the 12p12 -+ q13 region by analysis 
of the segregation pattern in hybrids that retain well-defined por-
tio ns of chromosome 12 (Table I). Hybrid 442S5 retains the proxi-
mal portions of both arms of chromosome 12 (12p12 -+ 12q13), 
and hybrid GL-3 retains region 12p12 -+ 12qter. Both are posi tive 
for Kl (Fig 2B and Table I) and thus the Kl gene must be between 
regions 12p12 and 12q13. 
The Kl keratin gene locus can be mapped rel ative to other gene 
loci on chromosome 12 [17,19,28J by analysis of the segregation 
patterns in the hybrid panel presented in T able 1. The Kl keratin 
gene segregates concordantly with the Hox-3 homeo box gene 
cl uster, which has been localized at chromosome region 12q12 -
q13 [17] . A viral integration site of human papilloma virus (HPV 
into site) associated with a cervical carcinoma has also been mapped 
to the 12q12 -+ q13 region {Ref28, and N . Popescu and]. DiPaolo, 
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Figure 3. Localiza tion of the Kl gene to human chromosome region 
12g 11 ~ 12q 13 by chromosomal in situ hybridiza tion. The diagram shows 
the distribution of 285 grains over chromosomes of 150 mctaphascs. The 
abscissa represents the chromosome banding pattern of each human chtomo-
some in re lative size proportion; the ordillale shows the number of stiver 
gra ins. T he highest gra in count was found over the 12g 11 ~ 12q1 3 regIOn, 
centered around 12q12. 
personal communication); however, it does not segregate with K l 
and Hox-3 in hybrid 442S5, indicating that Kl and Hox-3, which 
may be close ly linked, are proximal to the HPV into site. 
Localization of the Kl Keratin Gene to Human Chromo~ 
some Region 12qll -+ 12q13 by In Situ Hybridization. The 
assignment of the Kl keratin gene locus to human chromosom.e 
region 12p12 -+ q13 has been confirmed and refined by in situ 
hybridization of 3H-labeled K1 probe to metaphase chromosomes 
from peripheral blood lymphocytes of a normal male. After autora_ 
diography, metaphase spreads were analyzed for grain localization. 
285 silver grains on 150 metaphase spreads were scored, and a histo_ 
gram depicting the distribution along the human chromosomes is 
shown in Fig 3. Approximately 11 % of all grains localized to the 
proximal long arm of chromosome 12 (12q11 -+ 12q15). Over 
80% of these grains were between 12ql1 and 12q13, with the 
strongest peak at 12q12. Thus, in situ hybridization localizes the 
human Kl keratin gene to the region between 12q11 and 12q13, 
with most gra ins at 12q12. 
Localization ofKlO Keratin Gene to Human Chromosome 
Region 17q12 - q21 by Somatic Cell Hybrid Analysis 
BamHI-digested DNAs from a panel of 16 mouse"human hybrid 
cells were tested for the presence of the KI0 keratin gene by South-
ern blot analysis. A 7.0 kb BamHI-digested human band (Fig 4A, 
fan e 1) corresponding to th e presence of the KI0 keratin gene (as 
previously shown in Ref 15) was present in 10 hybrids and absent in 
the others, as seen in a representative Southern blot (Fig 4A) and 
summarized in Fig 1. Hybrids positive for the 7.0 kb BamHI human 
band retained chromosome 17 (Fig 4A, lanes 3-5, and Fig 1). In-
deed, chromosome 17 is the only human chromosome retai ned in 
hybrid c131 (Fig 4A, lalle 3, and Fig 1). Hybrids negative for the 7.0 
kb BamHI human band did not retain any regions of chromosome 
17 (Fig 4A, lanes 6 - 8, and Fig 1). Thus, results of Southern blot 
analysis of the hybrid panel summarized in Fig 1 reveal that the 
presence of KI0 in hybrid cells correlates with the presence of 
chromosome 17 and not with any other human chromosomes. 
For regional localization ·of KI0 on chromosome 17, Pst! di-
gested DNAs from hybrids retaining well-defined portions of chro-
mosome 17 were tested for the presence of the K10 gene. Southern 
blot analysis of human genomic DNA cut with Pst! revea ls that the 
KI0 gene resides on a 20 kb fragment (Fig 4B, lane 1) [15]. Presence 
of add itional faint bands is probably related to some degree of cross-
hybridization with related sequences. Localization of the K10 kera-
tin gene locus to the 17q1 2 -+ q21 region is evident by analysis of 
the segregation pattern in hybrids N9 (Fig 4B, fatl e 4) and 275S (Fig 
4B, lane 5). K10 is positive in N9, which retains the central portion 
of 17q. H ybrid 275S provides the capability to map gene loci on 
chromosome 17 relative to a 17q21 breakpoint seen in an acute 
leukemia [22J. Genes that map to the terminal end of the long arm 
of chromosome 17 and distal (telomeric) to the 17q21 breakpoint 
are retained in hybrid 275S, e.g. , the nerve growth factor receptor 
(NGFR) gene [18] and the Hox-2 homeo box loclls [17] (Table II). 
The KI0 gene is not retained in hybrid 2755 and thus is proximal 
(centromeric) to the 17q21 breakpoint and not on the terminal end 
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Table II. Regional Localization of K lOon C hromosome 17" 
Chromosome 17-Linked DNA Probes 
G-CSF erb-A Her-2 KI0 Hox-2 PKCa 
(1 7q1 2 (l 7q1 2 (1 7q1 2 (1 7q1 2 NGFR (17q21 (1 7q22 Chromosome 17 
Hybrid ~ 17q21) -+ 17q21) ~ 17q21) ~ 17q21) (1 7q21) -+ 12qter) -+ 17q24) Region Retained 
ci3 1 + + + + + + + 17pter ~ 17qter 
N9 + + + 17q1 2 -17q21 
275S + + + 17q21 - 17qter 
ci21 None 
" H ybrids (far /cfi "'/11 11111) retaining well -defined regions of chromosome 17 (far right (0 /1111111) arc utilized to determine the regional localization ofK 1 O. Hybrids c13 1, N 9, and 275S 
are described in the lege nd to Fig 4B, and hybrid c12 1 is described in Figs 1 and 2B. Localization of chromosome 17-lin ked genes (to!, row) have been described previously 
[17, 18,20,29 - 31 ,59[. Each hybrid in th e table was tested for th e presence of each of the chromosome I7-linked genes: Plus signs represent presence of homologous sequences; minus 
sig ns represe nt abscence of homologous sequences. The exact order of the G-CSF, erb-A, and Her-2 loci at 17ql 2 - 17q21 cannot be determined because all three segregate 
concordantl y in all of th e hybrids in the tabl e. The KID locus, however, can be placed distal to the G-CSF, erb-A, and her-2 10ci due to its presence in hybrid N9. T he K ID locus is 
prox imal to the N GFR and Hox-2 10ci, which arc distal to the 17q21 breakpoint in an acute leukemia [1 7, 18,22-24}, because it is not prese nt in hybrid 275S. 
of the long arm of chromosome 17. At least one gene, NGFR, 
inte rvenes between th e KI0 gene and th e Hox-210cus (unpublished 
data ). K10 appears to be distal (telomeric) to the gene loci for granu-
loc y te colony stimulatin g factor (G-C SF) and oncogenes erb-A and 
H e r-2, which map to chromosome region 17q1 2 --+ q21 (20,29 -
31) but are not retained in hybrid N 9 (Table II) . Thus, the KIa 
keratin gene locus maps to 17q1 2 --+ q2I proximal to the NGFR 
ge n e and distal to G-CSF/ Erb-A/ H er-2. 
Localization ofK10 Keratin Gene to Human Chromosome 
Region 17q12-17q21 by in Situ Hybridization In situ hybridi-
zation oPH-labeled KIa probe to metaphase chromosomes from a 
normal male confirmed the assignment of the Kl0 keratin gene 
locus to 17q1 2 --+ I 7q2 1. A total of 100 metaphases were analyzed, 
A 
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Figure 4. A : Segregation of the KI0 gene with human chromosome 17 in 
somatic cel l hybrids. DNA (approx. 10 Ilg/iane) from human cell line (lalle 
1); mouse cell line (Iallc 2) ; hybrid ci 31 retaining human chromosome 17 
(land ); hybrid 3a retaining 4p, partial 6, 12, partial 13, 17 and 22 (lalle 4) ; 
hyb rid 77-3 1 retaining 1, 3, 4p, 5 - 9, partial 1 0, 13, 14, 17, 18, 20,22 and X 
(lane 5) ; hybrid S2 retaining 1,3, partial 4, 5, 6, 11, 13q, 14, 18,20 and X 
(lane 6) ; hybrid GS retaining 4p, 6, 12,20 and X (lallc 7); and hybrid BD3 
reta ining 1-8,10 - 16,1 8-22 and X (Ialle 8) was cleaved with an cxcess of 
res triction cnzyme Bam HI , fractionated on a agarose gel , transferred to 
nitrocellulose filter and hybridized to 32P-labeled K10 DNA. Approximate 
mo lecular weights of the major mouse and human bands detected by the KI0 
probe are shown on the left . B: Localization of the KI0 gene to human 
ch romosome region 17q 12 - q21. DNA (approx. 10Jlg/lanc) from hu man 
cel l line (lalle 1); mouse cell line (lalle 2); hybrid cl31 retaining human 
ch romosome 17 (lal/d ) ; hybrid N9 retaining 6, 7, 17q1 2 -+ 17q22, and 21 
(lam 4); hybrid 275S rctaining a 21 q+ (21 pter - 21 q22: : 17q2 1 - qter) 
chromosome (lal/e 5) was cleaved with an excess of restriction enzyme Pst I 
and processed as in A. Approximate molecular weights of the mousc and 
human bands detected by the KI0 probe are shown on the right. Cross-hy-
bridizing bands of 5.1 kb can be seen in both human and mouse controls 
(lanes 1 alld 2) , making their ass ignment in hybrids equivoca l. T he prcsence 
of the 5.1 kb band in lall es 4 alld 5, along with an absence of the 7.8 kb mouse 
band, sugges ts polymorph isms withih the various mouse strains used as 
parental cell s fo r hybrids. 
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Figure 5. Localization of the K1 0 gene to human chromosome region 
17q12 ~ 17q22 by chromosomal in situ hybridiza tion. The diagra lll shows 
the distribution of 25 1 grains ovcr chromosomes of 100 meta phases. T he 
abscissa represents the chromosomal banding pattern of each human chro-
mosome in re lative size proportion; the ordil/ate shows the number of silver 
grains. The highest grain count was found overthe 17q1 2 - 17q22 region, 
centered arollnd 17q21. 
and 25 1 grains were scored. Figure 5 illustrates the grain dist ribu-
tion along th e human chromosomes . Approximately 13% of all 
grains loca lized over the long arm of chromosom e 17; 94% of these 
grains w ere between 17q1 2 and 17q22, with the highest grain 
count over 17q21. Thus, in situ hybridiza tion localizes the human 
K 10 keratin gene to the regio n between 17q 12 and 17q22, w ith the 
most g rains at 17q2 1. 
DISCU SSION 
W e have shown , by methods of somatic cell hybrid an alysis and in 
situ hybridization, that human keratin genes KI (type II; 67.0 kDa) 
and KI0 (type I; 56.5 kDa) are not linked in th e human genome. 
Instead, they map to two diffe rent chromosomes. K l maps to cluo-
mosome region 12q ll -+ q13 , and K10 maps to chromosome re-
gion 17q1 2 -+ q2 1. These findin gs provide intriguin g insights into 
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kerat in gene organization, their relationship with other members of 
the IF gene family, and possible mechanisms of transcriptional con-
trol in keratin gene expression. 
Our present understanding of the genetic organization of human 
keratins and other IF proteins is based upon recent sequence analysis 
data which indicate that IF proteins are best classified into distinct 
sequence types I-IV [4J. Based upon the remarkable conservation of 
the type I-IV IF protein chain structures, it has been proposed that IF 
genes arose from a common ancestor [1 ,4,32-36J. A considerable 
body of information on the exon/intron structures of genes for 
members of the four sequence types now exists in support of this 
concept. Types I-III IF genes are remarkably similar in that five 
introns splice at identical positions in the conserved rod domains, 
although one or two more introns splice at points unique to each 
sequence type. The genes for type IV chains contain only two or 
three introns, however, at points which are quite different [34 - 36]. 
To account for these findings, it is now thought that the common 
ancestor duplicated into two progenitor genes, giving rise to two 
lineages, one for types I-III IF genes, and the other for type IV genes 
[4,36]. In the first linege, subsequent duplication events could have 
given rise to the three sequence types and subsequently to each of 
their various members. Thus, present IF gene diversity is a result of 
evolutionary events, including gene duplication and divergence of 
exons and insertion or deletion of some introns. 
One important implication of this model is that IF genes of the 
same sequence type might be linked in clusters on the genome, for 
which there is now considerable evidence. Three human type I 
genes, including that for K17 (46 kDa) have been identified on a 20 
kb phage clone fragment [37] . Preliminary data from overlapping 
human cosmid clone fragments suggest the clustering of as many as 
five type I genes, including K14 and K17, within 60 kb [38]. Addi-
tionally, a cosmid clone containing the human K1 (type II) gene 
appears to be linked to another unspecified type II gene [38]. Clus-
ters of three type I and two type II sheep wool keratin genes have 
been located on separate cosmid clones [39] . There are no substan-
tiated reports of close linkage of genes of different sequence types. 
The human Kl and KI0 genes are the first type I - type II keratin 
pair, coexpressed in terminally differentiated epidermis, to be 
mapped to chromosomes and corroborate very recent keratin map-
ping data. Human keratin gene K3 (type II; 63 kD) has been mapped 
to chromosome 12, and human keratin gene K13 (type I; 54 kD) has 
been mapped to chromosome 17 [40] . Both are expressed in non-
keratinizing stratified squamous epithelia [5J . Most recently, the 
genes for human type I keratins K14 (50 kD) and K16 (48 kD) have 
been mapped to chromosome 17 with the functional K14 and K16 
genes localizing to the 17q12 ---> q21 region [41]. K14 is expressed 
in the basal layer of all stratified squamous epitehlia, including epi-
dermis [5], and K16 is expressed inmost stratified squamous epithe-
lia but only transiently in hyperproliferative epidermis [9].Thus, 
three type I keratin genes (KI0 , K14, K16) have been mapped to 
chromosome 17, and two type II keratin genes (Kl , K3) have been 
mapped to chromosome 12. With current cloning data showing 
clusters of keratin genes of the same sequence type, our mapping 
data, taken together with recent studies [40,41], indicate that a locus 
of clustered type I keratins is located at chromosome region 12qll 
---> q13 and is not linked to a locus of clustered type II keratins at 
chromosome region 17q12 ---> q21. It remains to be determined 
whether all keratin genes of the same sequence type are clustered in 
a single locus, or whether there are multiple loci for each sequence 
type. To date, a K14 pseudogene and non-functional K16 gene have 
been mapped to chromosome region 17 P 12 [41] . 
The present localization of type I and type II keratin genes ap-
pears to be distinct from other IF genes. Somatic cell hybrid ana lysis 
has been used to locate the single copy human des min and vimentin 
genes (types III IF protein) to chromosome 2 and chromosome 10, 
respectively [421. The human vimentin gene has been further local-
ized to chromosome region 1 Op13 by in situ hybridization [43]. The 
human gene for the neurofilament subunit NF-L (type IV IF pro-
tein) has been mapped to chromosome 8 by somatic cell hybrid 
analysis [35]. The above findings indicate that the loci for type I-IV 
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IF genes are not linked in the human genome and that duplications 
and subsequent trans locations of progenitor genes are likely evolu_ 
tionary even ts responsible for the dispersion of IF genes over a 
number of chromosomes'. Non-linkage of multigene families is not 
uncommon. Coll agen genes [44], im.munoglobulin genes [45], glo, 
bin genes [46] , and the cytoskeleton filament-forming protein genes 
actin and tubulin have loci that are dispersed over a number of 
chromosomes [47,48] . 
An analogous model of a multigene fami ly that co-expresses 
ge nes at two non-linked , clustered gene loci can be drawn with the 
globin gene family. Globin gene expression is under developmental 
control ; different genes are successively switched on and off to 
provide alternative products that fulfi ll the same functions at differ, 
ent times. Globin genes are coexpressed as alpha and beta hetero, 
dimers (two alpha chains and two beta chains); the 28 kb alpha 
cluster is located on the short arm of chromosome 16 [49]; and the 
50 kb beta c1.uster is on the short arm of chromosome 11 (50]. 
C haractefizatlOn of each locus has revealed that the genes he in 
order (5' to 3') of their developmental expression [46] . In contrast to 
globin genes, however, preliminary data indicate that keratin genes 
do not appear to be arranged in an order related to their expression 
during development and differentiation. Indeed, there is no evi, 
dence that any keratin IF chain in humans or mammals is expressed 
exclusively during embryonic or fetal development [5 ~ - 53]. More, 
over, from limited cloning data of sheep and bovine keratins [39], it 
does not appear that linked and tandemly expressed keratins of the 
sa me sequence type are ordered by tissue-specific expression or dif, 
ferential expression; however, further cloning and mapping data 
with specific human keratin genes is required to fully characterize 
and localize all keratin genes and determine if the organization of 
human keratin genes within non-linked sequence type clusters is 
related to their coordinate expression or is merely a consequence of 
evol utionary events. 
It is intriguing that both the Kl and KI0 genes map near regions 
in which homeo box-containing 'genes had been localized [17]. 
Homeo box sequences are 183-bp elements within exons of genes 
involved in the determination of body segment num.ber and identity 
in Drosophila [55,56]. They are well conserved through evolution 
and can be found in the human genome. Although functions of 
homeo box sequences have not been determined , they are present 
within genes whose protein products are loca lized in the nucleus 
and playa yet-undefined role in development and morphogenesis 
[57 -59]. Kl and K10 map near regions containing the Hox-3 
homeo box gene cluster and Hox-2 homeo box locus, respectively. 
It would be very interesting to determine whether there is coordi-
nate expression of a Hox gene and its nearby keratin gene; however, 
cis-acting mechanisms of regulation could not account for the co-
expression of Kl and Kl0, two non-linked genes. Several studies 
have attempted to identify potential 5' regulatory sequences of ker-
atin genes [37,54,60], and although some homologous sequences 
have been identified in a few co-expressed IF genes [37], there is a 
lack of extensive homology in 5' fl anking regions in most co ex-
pressed keratin genes studied to date [54]. Only a putative epidermal 
gene-specific consensus sequence of the form AARCCAA (R = a 
purine) has been identified, but its functional relevance as a specific 
enhancer remains to be confirmed [54]. Our present mapping data 
indicate that keratins Kl and KI0, and possibly other type II and 
type I genes [40], require trans-acting factors that interact with 
yet-undefined regulatory elements that regulate the coordinate ex-
pression of these genes. 
In summary, human keratin genes Kl (type II; 67 kDa) and KI0 
(type I, 57 kDa) have been mapped to chromosome regions 12q 11 
---> q13 and 17q ~ q21, respectively. Our data corroborates very 
recent mapping studies [40,41] and indicates that these non-linked 
regions represent loci of keratin gene sequence-type clusters. These 
find ings imply the existence of trans-acting factors involved in the 
regulation of the co-expression of type I-type II keratin pairs. Fur-
ther mapping and cloning data utilizing specific keratin probes is 
necessary to better delineate the organization of the type I and type 
II clusters. 
VOL. 91. NO.6 DECEMBER 1988 
I Probes for K-ras-2, Her-2, allp PKCcx were gellerollsly provided by Dr. Steve 
Torn Ilk alld Dr. Axel UI/rich. The al/thors grall!flllly acknowledge Ms. Char/otte 
Long for preparatiOIl of the lIIallt/script. This work was sllpported by a Society of 
Illvestlga.twe Derlllatology Research Fel/ol/ls/lip (S.R.L.) frOIll ti,e Derlllatology 
FOti ndatlO1I alld grallls AR 01645, CA 39860, CA 25875 frolll the Na/iollal 
Ills titiltes of Health , alld CH 378 fro III ti, e Alllericall Callcer Society. 
1. 
2. 
REFERENCES 
Steinert PM, Steven AC, Roop DR: The molecular biology of inter-
mediate filaments. Cell 42:411 - 419,1985 
Traub P: Intermediate Filaments: A Review. Springer-Verlag Berlin 
1985 ' • 
3. W ang E, Fischman D. Liem R, Sun T-T: Intermediate filaments . Ann 
NY Acad Sci 455, 1985 
4 . Steinert PM, Roop DR: Molecular and cellular biology of intermediate 
filaments. Ann Rev Biochem 57:593 - 625, 1988 
5. Moll R, Franke WW. Schiller DL, Geiger B, Krepler R: The catalog of 
human cytokeratins: patterns of express ion in normal epithel ia. 
tumors and cultured cell s. Cell 31:11 - 24. 1982 
6. Steinert PM, Idler WW, Zimmerman SB: Self-assembly of bovine 
epIdermal keratIn fil aments in vitro. J Mol BioI 108:547 - 567, 1976 
7. Hatzfeld M. Franke WW: Pair formation and promiscuity of cytoker-
atms: formation in vitro of heterotypic complexes and intermediate-
slze.d filaments by homologous and heterologous recombinations of 
purtfied polypeptides. ] Cell BioI 101:1826- 1841, 1985 
8 . Pa ~ry DAD. Steven AC. Steinert PM: The coiled-coil molecules of 
II1tc:rmediate filaments consist of twO parallel chains in exact axial 
regIster. Blochem Biophys Res Coml11un 127:1012 - 1018, 1985 
9 . W eiss RA, Eid1l1er R, Sun IT: Monoclonal antibody ana lysis ofkera-
tll1 expressIon 111 epidermal diseases: a 48 and 56 kDa keratin as 
molecular markers for hyper proliferative keratinocytes. J Cell BioI 
98:1397-1406,1984 
10 . Winter. H . Sch~eizer J. Goerttler K: Keratin polypeptide composition 
as a bIOchemIcal tool for the discrimilution of benign and malignant 
eplthcltal lesions in man. Arch Dern'latol Res 275:27 - 34. 1983 
11. D'Emtachio p. Ruddl e FH: Somatic cell genetics and gene families. 
SCIence 220:919-924.1983 
12. Steinert p~. Par~y DAD. Idler WW,]ohnson LD. Steven AC. Roop 
DR: Ammo aCId sequences of mouse and human epidermal type II 
keratll1s of Mr 67,000 provide a syscematic basis for the structural 
and functIOnal diversity of the domains of keratin intermediate fila-
ment subun its. J BioI C hem 260:7142- 7149. 1985 
13. Johnson LD , Idler WW, C hou X-M, Roop DR, Steinert PM: Struc-
ture of a gene for thc human epidermal 67 kDa keratin . Proc Nad 
Acad Sci USA 82:1 896-2000,1985 
14. Ste in~rt PM, Rice RH , Roop DR. Trlls BL. Steven AC: Complete 
al11 ln~ aCId sequcnce of a mouse epid ermal keratin subunit and im-
pltcatlon for the structure of incermediate filam ents. Nature 
302:794 - 800. 1983 
15. Chou X-M, Idler WW, Steven AC, Roop DR, Steinert PM: The 
s~quence and structure of human keratin 10. Organization and pos-
sIble structures of end domains. ] BioI C hem (in press) 
16. Rigby ~WJ,. Dieckmann M, Rhodes C. Berg P: Labeling deoxyribo-
nucleIc aCId to hi gh specific activity in vitro by nick translation with 
DNA polymerase I. J Mol BioI 113:237 - 251. 1977 
17. Cannizzaro LA. Croce CM. Griffin C A, Simeone A, Boncinelli E, 
Huebner K: Human homeo box-col1taining genes located at cluo-
mosomc regions 2q31 ~ 2q37 and 12q12 ~ 12q13. Am J Hum 
Genet 41:1-15, 1987 
18. Huebner K, Isobe M, Chao M, Bothwell M, Ross AH. Finan J. Hoxie 
JA. Sehga l A. Buck C R. Lanahan A, Nowell PC. Koprowski H, 
Croce CM: Th e nerve growth faeror receptor gene is at human 
c hromo~o~e region 17q 12 - 17q22, distal to the chromosome 17 
breakpOInt 111 acute leukemias. Proc Nor! Acad Sci USA 83:1403-
19. 
1407,1986 
Isobe M. Hucbner K. Maddon PJ. Littman DR. Axel R. Croce C M: 
The gene encoding the T-cell surface protcin T4 is located on 
human chromosome 12. Proc Nat! Acad Sci USA 83:4399-4402, 
1986 
HUMAN KERATIN GENE MAPPING 577 
20. Dayton AI. Selden R. Laws G. Dorney OJ , Finan] . Tripputi P, Eman-
uel BS. Rovera G, Nowell PC, Croce CM: A human c-erbA onco-
gene homologue is closely proxima.! to the chromosome 17 break-
point in acute promyelocytic leukemia. Proc Nat! Acad Sci USA 
81:4495-4499, 1984 
21. Dalla-Favera R, Bregni M. Erikson J, Patterson 0, Gallo RC, Croce 
CM: Human c-myc onc gene is located on the region of chromo-
some 8 that is translocated in Burkitt lymphoma cells. Proc Nad 
Acad Sci USA 79:7824-7827, 1982 
22. Nowell PC. Wilmoth D. Hoxie ] . Lyss AP: PhI-positive acute leuke-
mia with a 17q;21 q translocation. Cancer Genet Cytogcnet 12:5 1-
55,1984 
23. Rowley JD. Golomb HM. Vardiman J. Fukuhara S. Dougherty C, 
Potter 0 : Further evidence (or a non-random chromosomal abnor-
mality in acute promyelocytic leukemia. IIltJ Cancer 20:869-872, 
1977 
24. Larson RG: Evidence (or a 15; 17 translocation in every patient with 
acute promyelocytic leukemia. AmJ Med 76:827-841.1984 
25 . Southern EM: Detection of specific sequences among DNA fragments 
separated by gel electrophoresis. ] Mol BioI 98:503-517, 1975 
26. Harper ME, Saunders GF: Localization of single copy DNA sequences 
on G-banded human chromosomes by in situ hybridization. Chro-
mosoma 83:431 - 439, 1981 
27. Cannizzaro LA, Emanuel BS: An improved method (or G-banding 
chromosome after in situ hybrid ization. Cytogenet Cell Genet 
38:308-309,1984 
28. Durst M. Croce CM. Gissmann L, Schwarz E, Huebner K: Papilloma 
virus sequences integrate near cellular oncogenes in some cervical 
carcinomas. Proc, Nat! Acad Sci USA 84:1070 - 1074, 1987 
29. Spurr NK. SolomonE,Johnson M, Sheer 0 , Goodfellow PN. Bodmer 
WF, Vennstrom B: Chromosomal loca lization of the human homo-
logues to the oncogenes erbA and B. EMBO J 3: 159- 163, 1984 
30. Tweardy DH, Cannizzaro LA, Pa.!umbo PA, Shane S, Huebner K, van 
Tuinen P, Ledbetter DH, Finan ]B. Nowell PC, Rovera G: Molecu-
lar cloning and characterization of a cDNA for human grallUlocyte 
colony-stimulating factor (G-CSF) from a glioblastoma multiform 
cell line and localization of the G-CSF gene to chromosome 17q21. 
Oncogene Res 1:209-220. 1987 
31. Coussens SL, Yang-Feng TL, Liao YC, Chen E. Gray A. McGrath J. 
Seeburg PA, Libermann TA, Schlessinger]. Franke U, Levinson A, 
Ullrich A: T yrosine kinase receptor with extensive homology to 
EGF receptor shares chromosoinal location with neu oncogene. 
Science 230: 11 32 - 1139. 1985 
32. Roop DR, Steincrt PM: The structure and evolution of intermediate 
filam ent genes. In: Shay JW (cd.). Cell and Molecular Biology of 
the Cytoskeleton. Plenum Press. New York 1986, pp 69-83 
33. Krieg TM, Schafcr MP. Cheng CK. Filpula 0, Flaherty P, Steinert 
PM. Roop DR: Organization of a type I keratin gene. J BioI C hem 
260:5867 - 5870. 1985 
34. Lewis SA, Cowan N]: Anomalous placement of introns in a member of 
the intermediate filament multi gene family: an evolutional conun-
drum. Mol Cel l BioI 6: 1529 - 1534, 1986 
35. Julien JP, Grosveld F, Yazdanbaksh K, Flavell D. Meijer D. Mu-
shyuski W : T he structure of a human neurofi lament gene (NF-L): a 
unique exon-intron organization in the in termediate fil ament gene 
fami ly. Biochem Biophys Acta 909:10-20. 1987 
36. Myers MW, Lazzarini RA , Lee VMY. Schlaepfer WW, Nelson DL: 
The human mid-size neurofi lament subunit: a repeated protein se-
quence and the relationship of its gene to the intermediate filament 
gene fam ily. EMBO J 6:1617 - 1626. 1987 
37. RayC handhury A. Marchuk D. Lindhurst M. Fuchs E: Three tight!y-
linked genes encoding type I keratins: conservation o( sequence in 
the 5' -upstream regions of co-expressed keratin genes. Mol Cell 
BioI 6:539 - 548. 1986 
38. Bowden PE. Blanchard A, Steinert PM: Linkage of epidermal keratin 
genes isolated on large human cosmid clones. J Invest Dermatol 
88:478, 1987 
39. Powell BC, Cam GR. Fietz MJ. Rogers GE: Clustercd arrangcment of 
keratin intermediate filament genes. Proc Nat! Acad Sci USA 
83:5048 - 5052, 1986 
40. Romano V. Bosco p. Costa G. Leube R. Franke WW, Rochi M, 
Romeo G: C hromosome ass ignment of cytokeratin genes. Cyto-
ge net Cell Gellet 46:683. 1987 
578 LESSIN ET AL 
41. Rosenberg M, RayChandhury A, Shows TB, LeBeau MM, Fuchs E: A 
group of type I keratin genes on human chromosome 17: character-
ization and expression. Mol Cell BioI 8:722- 736, 1988 
42. Q uax W , Khan PM, Quax-Jeuken Y, Bloemendal H: The human 
desmin and vimentin genes are located on different chromosomes. 
Gene 38: 1 98 - 196, 1985 
43. Ferrari S, Cannizzaro LA, Battini R, Huebner K, Baserga R: The gene 
encod ing human vimentin is located on the short arm of chromo-
some 10. Am] Human Genet 41:616-626,1987 
44. Huerre C, Junien C, W eil 0 , Chu M, Morabito M, Van Cong N, 
Myers J C, Foubert C, Gross M, Prockop OJ , Boue A, Kaplan], De 
La Chapel Ie A, Ramirez F: Human type I procollagen genes arc 
located on different chromosomes. Proe Nat! Acad Sci USA 
79:6627.- 6630, 1982 
45. Tonegawa S: Somatic generation of an tibody diversity. Nature 
302:575 - 581,1983 
46. Proudfoot NJ, Shander MHM, Manley ]L, Gefter ML, Manniatis T: 
Structure and in vitro transcription of human globin genes. Science 
209: 1329 - 1336, 1980 
47. Hanauer A, Heilig R, Levin M, Moisan]P, Grzeschik KH, Mandel]L: 
T he actin gene family in man: ass ignment of the gene for skeletal 
muscle alpha-actin to chromosome I, and presence of actin se-
quences on autosome 2 and 3, and on the X and Y chromosomes. 
Cytogenet Cel l Genet 37:487 -488, 1984 
48. Cleveland OW, Hughes SH, Stubblefield E, Kirschner MW, Varmus 
HE: Multiple alpha and beta tubulin genes represent unlinked and 
dispersed gene fam ilies. ] Bioi Chem 256:3130 -3134, 1981 
49 . Barton P, Malcolm S, Murphy C , Ferguson-Smith MA: Localization 
of the human alpha-globin gene cluster to the short arm of chromo-
some 16 (16p12-16pter) by hybridization in situ. ] Mol Bioi 
156:269 - 278, 1982 
50. Jeffreys A], Craig IW, Franke U: Localization of the G-, A-, - and 
-globin genes on the short arm of human chromosome 11 . Nature 
281:606 - 608, 1979 
51. Ba nks-Schlegel SP: Keratin alterations durin g embryonic epidermal 
differentiation: a presage of adult epidermal maturation. J Cell Bioi 
93:55 1- 559, 1982 
THE JO URNAL OF INVESTIGATIVE DERMATOLOGY 
52. Schweizer] , Kinjo M, Furstenbc~ger G,.Winter H: Sequential expres_ 
sIOn of mRNA-encoded keratlll se ts IJ1 neonatal mouse epidermis: 
basa l cells with properties of terminally differentiating ce ll s. Cell 
37: 159- 170,1982' 
53. Moll R, Moll I, Wies t W: Changes in the pattern of cytokeratin 
polypeptides in epidermis and hair fo llicles during skin development 
in human fetuses. Differentiation 23:170-178, 1982 
54. Blessing M, Zentgraf H, Jorcano JL: Differentially expressed bovine 
cytokerati n genes: analysis of gene linkage and evolutionary conser_ 
vation of 5' -upstream sequences. EMBO J 6:567 - 575, 1987 
55. McGennis W , Levine M, Hafen E, Kurolwa A, Gehring WJ: A con-
served DNA sequence in homeotic genes of Drosophila al/tfll/lapedia 
and bithorax complexes. Nature 308:428 - 433, 1984 
56. Scott MP, W einer AJ: Structural relationships among genes that con_ 
trol development: sequence homology between the antennapedia 
ultra-bithorax and fushi tarazu loci of Drosiphila. Proc. Nat! Acad Sci 
USA 81:4115-4119,1984 
57. Laughon A, Carroll SB, Storfer FA, Riley PO, Scott MP: Common 
properties of proteins encoded by the Antennapedia complex genes 
of Drosophila lIIelallogaster. Cold Spring Harbor Symp Quant Bioi 
50:253 - 262, 1985 
58. Laughon A, Scott MP: Sequence of a Drosophila segmentation gene: 
protein structure homology with DNA-binding proteins. Nature 
310:25 - 31, 1984 
59. White RAH, Wilcox M: Protein products of bitho~ax complex in 
Drosophila. Cell 39: 163 - 171 , 1984 
60. Tyner AL, Eichman MJ, Fuchs E: The sequence of a type II keratin 
gene expressed in human skin: conservation of structure among all 
intermediate filament genes. Proc Nat! Acad Sci USA 82:4683_ 
4687,1 985 
61. Coussens L, Parker P], Rhee L, Yang-Feng TL, Chen E, Waterfield 
MD , Francke U , Ullrich A: Multiple distinct forms of bovinc and 
human protein kinase C suggest diversity in cellular signaling path_ 
ways. Science 233:859 -866, 1986 
ADVANCES IN SKIN CANCER MANAGEMENT: 
A MULTISPECIALTY APPROACH 
This program, to be held February 17 - 18, 1989 in San Francisco, CA, is presented by th e 
Department of D ermatology and the Division of Plastic Surgery of the University of California 
School of Medicine at San Francisco. It is sponsored by UCSF's office of Extended Prog rams in 
M edical Ed ucation (EPME). The Conference is desig ned to meet the need for curre nt info rma-
tion o n the pathogenesis of skin cancer and an integrated therapeutic approach for managem ent 
of compl ex skin rumo rs. With skin cancer incidence on the increase, practitioners will be ca ll ed 
upo n to provide improved recognition and effective m anagement and repair. 
The course has been approved for 10 hours of Category I Credit of the Physician'S Recogni-
tion Award of the American M edical Association and the Certificate Prog ram of the California 
Medical Association. The registration fee is $250.00 for physicians and $150.00 for interns, 
residents, and fell ows who submit letter of verification from training program with the enroll -
ment applicatio n . For further information please contact: Extended Program s in Medical Edu-
cation , University of California, Room U-569, San Francisco, C A 94143-0742. Telepho ne: 
(41 5) 476-4251 
